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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the oxidation approach of alcohols of using an immobilized 

microorganism. 

[0002] 

[Description of the Prior Art] Conventionally, important carboxylic acids, aldehydes, and ketones are manufactured in 
large quantities on industry by the chemical oxidizing method of alcohols. By these approaches, acids, such as the 
heavy-metal catalyst and hydrogen peroxide like a potassium dichromate and potassium permanganate, a peroxide like 
organic peroxide, and a nitric acid, a platinum system catalyst, etc. have been used. However, it is also difficult for 
there to be many problems, such as advance of too much oxidation reaction, lack of site selectivity and 
stereoselectivity, and difficulty [ a reaction ] of accommodation, and to control advance of side reaction by these 
chemical oxidation styles. 

[0003] Furthermore, in these chemical oxidation styles, there are many troubles, such as a problem of the 
environmental pollution by using a heavy-metal catalyst and an acid catalyst, a problem of the safety by using a 
peroxide catalyzer, and a problem of the catalyst cost by using a platinum system catalyst. 

[0004] On the other hand, in order to conquer the fault of such a chemical oxidation style, the oxidation approach of 
alcohols of using the biocatalyst which has the advantages, such as energy-saving nature, high selectivity, and safety, is 
also tried widely [Hiromichi Ota, Society of Synthetic Organic Chemistry, Japan, 41 volumes, 1018(1983); Hiromichi 
Ota, Society of Synthetic Organic Chemistry, Japan, 46 volumes, and 726 (1989) reference]. 

[0005] However, the oxidation style of the alcohols using oxidizing enzyme escapes high cost-ization neither from the 
problem of an expensive catalyst, nor the problem of coenzyme demand nature. Moreover, the example which in the 
case of the method of oxidizing the alcohols using a microorganism extinction of the microorganism by toxicity, such 
as alcohols, carboxylic acids of an oxidation product, and ketones, or the fall of enzyme activity was not avoided, but 
was industrialized until now has been restricted to manufacture of matter with a very expensive part, such as production 
of the optically active substance with difficult manufacture, and manufacture of a position isomer. 
[0006] Furthermore, when oxidation of the alcohols using a microorganism oxidized water-insoluble nature or poorly 
soluble alcohols, the problem that the churning force and aeration large in order to make the forcible distribution of this 
carry out underwater are indispensable, and a manufacturing cost costs dearly, and since raw material alcohols were in 
a suspension condition, it had the trouble that a reaction rate was low. 

[0007] therefore, the fault of the above-mentioned chemical oxidation style - conquering - in addition - and 
development of the biological oxidation approach of new alcohols with which the defect of the existing biological 
oxidation style is compensated is desired strongly. 
[0008] 

[Means for Solving the Problem] Then, this invention person sets to the oxidation approach of alcohols of using a 
microorganism. The toxic problem over microorganisms, such as alcohols of a substrate and carboxylic acids of an 
oxidation product, and ketones, is avoided. The result of having examined wholeheartedly the microorganism-oxidation 
approach of the alcohols which do not need troublesome actuation of underwater forcible distribution, aeration, etc., If 
the organic solvent which carries out inoculation of the microorganism to the hydrophilic immobilization support 
containing a nutrient and water, and does not discover toxicity to a microorganism to this is contacted A microorganism 
fungus body increases flourishing by the interface of an organic solvent and immobilization support, a fungus body 
phase is formed on support, and it came to complete a header and this invention for oxidizing the alcohols which this 
fungus body phase added in the organic solvent with a high reaction rate and yield. 
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[0009] In this way, if this invention is followed, adhesion immobilization of the microorganism which has the oxidation 
ability of the 1st class and/or the 2nd class hydroxyl group will be carried out, and hydrophilic immobilization support 
will be provided with the oxidation approach of the alcohols substantially characterized by the thing which contain 
alcohols under existence of the aquosity medium containing the nutrient of this microorganism, and which is made for 
an insoluble or poorly soluble organic solvent to contact the immobilized cell phase on this support at water. 
[0010] One description of this invention is the interface of the organic solvent and the hydrophilic immobilization 
support which are represented by aliphatic hydrocarbon, and it is in the point that the fungus body phase which was 
made to increase a microorganism and was formed can be used as a catalyst, supplying the aquosity medium containing 
the nutrient of a microorganism, it becomes possible to make it by this oxidize by making this fungus body phase 
contact in the form where alcohols were substantially dissolved in the insoluble or poorly soluble organic solvent at 
water, consequently the long term stability of a high reaction rate and a catalyst is attained, and the power requirement 
for agitation and mixing is unnecessary as a matter of fact - etc. - an advantage is acquired. Moreover, although the 
body of the alcohols another description of whose of this invention is a substrate is carried out to a microorganism and 
they show strong toxicity to it, they can add this to an organic solvent by very high concentration, and are in the point 
that a fungus body phase can be contacted. For example, by n-octanol and n-decanol, a microorganism will become 
extinct only by only 0.5% existing by the emulsion system. However, if this invention is followed, it will be 
Pseudomonas PUCHBDA DFO, for example. In an organic solvent, about 12% or n-decanol, even if n-octanol is 
included 24%, it does not become extinct in it, but it increases, and 13696 forms a fungus body phase. Thus, according 
to this invention, possible [ contacting high-concentration alcohols to a microorganism fungus body phase ] 
consequently, a high reaction rate and high yield are obtained and alcohols can be oxidized by low cost. 
[001 1] Since an organic solvent [ still like aliphatic hydrocarbon ] of this invention whose description of another is 
generally has one about ten times [ several to ] the oxygen solubility of this compared with water, even if the point of it 
being few and ending has the aeration and churning for supplying the oxygen which oxidation of alcohols takes and 
they do not carry out aeration and churning depending on the case, it can be oxidized in alcohols with a high reaction 
rate and high yield. 

[0012] Hereafter, this invention is further explained to.a detail. 

[0013] In addition, the organic solvent solution of the alcohols which are the organic solvent or substrate contacted to 
the above-mentioned immobilized cell phase may be hereafter called organic liquid phase. 
[0014] If this can be supplied to the microorganism which there will be especially no constraint if usable 
immobilization support is the thing of a hydrophilic property in this invention, the water solution containing a nutrient 
is sunk in or contacted, and exists in an interface with an organic solvent No matter it may be what material, are usable. 
Specifically For example, an alginic acid, Synthetic macromolecules, such as naturally-ocurring-polymers; polyvinyl 
alcohol, such as cellulose material like a carrageenan, a starch matrix, an agar, and a filter paper, urethane polymer, 
polyacrylamide, and polyacrylic acid; inorganic substances, such as foam glass and silica gel, etc. are mentioned. 
[001 5] There is especially no constraint in the configuration of the support for these immobilization, and it can be 
fabricated by the shape of fibrous and film, and the configuration of the arbitration of granular **, and may be 
fabricated by the gestalt of cloth, a nonwoven fabric, paper, a board, etc. 

[0016] On the other hand, the organic solvent in the organic liquid phase in contact with the above-mentioned 
immobilized cell phase, or the organic solvent for organic solvent solution preparation of the alcohols of a substrate 
What does not show toxicity substantially to an adhesion microorganism fungus body is desirable. Specifically 
Isoparaffins represented by the hydrocarbon of methane series of the carbon numbers 6-20 of a hexane, a heptane, an 
octane, a nonane, Deccan, etc., such as normal paraffin or a liquid paraffin; isooctane; Pentyl benzene, Hexyl benzene, 
heptyl benzene, the carbon number of aliphatic series chains, such as octyl benzene, - normal alkylbenzene [ of 5-15 ]; 
- iso alkylbenzene [, such as cumene, ]; - alicyclic hydrocarbon [, such as a cyclohexane, ]; - ether, such as 
diethylether, etc. can be illustrated. 

[0017] The microorganisms which have the oxidization ability of the 1st class used making adhere to the above- 
mentioned immobilization support, and making increase by the interface of support and an organic liquid and/or the 
2nd class hydroxyl group may be which microorganisms, such as bacteria, mold, yeast, and actinomycetes. The 
microorganism which specifically belongs to the Gluconobacter (Gluconobacter) group, an acetobacter (Acetobacter) 
group, the Pseudomonas (Pseudomonas) group, the Corynebacterium (Corynebacterium) group, the Alice 
ROB AKUTA (Arthrobacter) group, a Rhodococcus (Rhodococcus) group, a Nocardia (Nocardia) group, the Candida 
(Candida) group, the Hansenula (Hansenula) group, an Aspergillus (Aspergillus) group, etc. is mentioned. Still more 
.specifically Gluconobacter ROZEUSU (Gl.roseus), Gluconobacter oxydans (Gl.oxydans), acetobacter Serratia 
liquefaciens (Ac.liquefacins), Pseudomonas PUCHIDA (Ps.putida), Corynebacterium equi (Co.equi), The Alice 
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ROBAKUTA simplex (Ar.simplex), Rhodococcus Rodney (Rh.rhodnii), Rhodococcus EKUI (Rh.equi), Nocardia 
FARUSHINEKA (No.farcinica), The Candida you tee squirrel (calcium.utilis), Hansenula ANOMARA (Ha.anomala), 
an ASUBERUKISU knee gar (As.niger), etc. can be mentioned. 

[0018] The adhesion immobilization to the support of this microorganism for example, [ whether it applies or sprinkles 
to the support in which the aquosity medium which contains a nutrient for fungus body dispersion liquid beforehand 
was included, and ] Although the support can also be cultivated in the aquosity medium which contains a nutrient 
beforehand after making a microorganism fungus body adhere on support by the approach of supplying the aquosity 
medium which contains a nutrient in support after immersing support into fungus body culture medium or making a 
microorganism fungus body adhere to support by the suitable approach or [ usually, / that the alcohols as a substrate are 
included ] - or it is appropriate to carry out by cultivating in the condition of having made the organic solvent which is 
not included contacting, proliferating the adhering microorganism fungus body by the interface of support and an 
organic solvent, and making an immobilized cell phase form on support. By this culture, a microorganism adheres to a 
carrier surface firmly and an immobilized cell phase hardly exfoliates from support. 

[0019] The nutrient of the microorganism which can be used in the above-mentioned culture is easy to be the very 
general thing which can choose the optimal thing for the fungus body, for example, consists of sources of 
micronutrient, such as trace element salts, such as nitrogen sources, such as carbon sources, such as a glucose, and a 
urea, and magnesium sulfate, and a yeast extract, according to the class of use fungus body. 
[0020] If support can fully carry out content maintenance of the culture medium like an agar, supply, the aquosity 
medium, i.e., the culture medium, containing the nutrient to an immobilized cell, can be performed by making it 
contain in support beforehand, and/or can also be performed by making microorganism immobilization support placed 
between the interfaces of the organic liquid phase which adds culture medium to for example, the above-mentioned 
organic liquid phase, and is formed, and a culture medium phase. 

[0021] It is immersed into whether generally culture can be performed in culture apparatus, such as a thermostat and an 
incubator, or a substrate is included for support, and the organic solvent which is not included, and you may carry out, 
carrying out temperature control in the reaction container which added the aquosity medium which contains a nutrient 
further depending on the case. Culture conditions, such as culture temperature and culture time amount, can choose the 
optimal conditions according to the class of use microorganism. 

[0022] Although what is necessary is just to carry out aeration of the oxygen which growth or oxidation reaction takes 
into an organic solvent, since the organic solvent has one about ten times [ several to ] the oxygen solubility of this as 
compared with water, generally it is not necessary to necessarily carry out aeration of it. Moreover, since the alcohols 
which are substrates dissolve and exist in an organic solvent, churning is unnecessary [ alcohols / intense churning like 
the emulsion method ] also about churning under culture, unnecessarily in many cases. 

[0023] You may add from the early stages of the above-mentioned culture, or the alcohols which carry out a substrate 
may be added, after a microorganism fully propagates and forms an immobilized cell phase. Or you may add at the 
time of the arbitration from the early stages of culture to immobilized cell phase formation. As mentioned above, in 
order that alcohols may discover toxicity to a microorganism in many cases, results with higher generally, adding, after 
a fungus body phase fully grows are attained. 

[0024] Alcohols can be made to oxidize by continuing culture in this way in the state of contact to the organic liquid 
phase which consists an immobilized cell phase of an organic solvent solution of the alcohols as a substrate on support. 
[0025] It is not restricted to especially the alcohols with which the alcohol acid-ized reaction by this immobilized 
microorganism can be presented as a substrate, but various kinds of things can be used according to the alcohol acid- 
ized ability of an immobilized microorganism. 

[0026] As alcohols which can be offered as a substrate, as the 1st class alcohol A methanol, ethanol, n-propanol, n- 
butanol, isobutanol, N-amyl alcohol, isoamyl alcohol, n-octanol, Lower alcohol, such as n-decanol; Lauryl alcohol, 
myristyl alcohol, Higher alcohol, such as cetyl alcohol, stearyl alcohol, and oleyl alcohol; Ethylene glycol, Aliphatic 
series polyhydric alcohol, such as 1,3-propanediol, 1,4-butanediol, 1,6-hexanediol, trimethylol propane, and 
pentaerythritol; aromatic alcohol, such as benzyl alcohol, etc. is mentioned. Moreover, as the 2nd class alcohol, 
alicyclic alcohol, such as aromatic alcohol [, such as a fatty alcohol; benzhydrol, ], such as isopropanol, 2-butanol, 2- 
pentanol, 2-octanol, 2, and 6-dimethyl-4-PEPUTA Norian, and a cyclohexanol, etc. is mentioned. 
[0027] Especially the concentration of the alcohols in an organic solvent is not restricted, and can be decided according 
to the toxicity over a fungus body. Substantially, in water-insoluble nature thru/or a poorly soluble case, since these do 
not shift to an aqueous-phase, i.e., hydrophilic immobilization support, side, the alcohols with which especially 
oxidation reaction is presented can reduce the toxicity over the fungus body sharply. For example, in the case of n- 
octanol, with the Pseudomonas bacteria, such as Pseudomonas PUCHIDA (Ps.putida) and Pseudomonas FURAJI 
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(Ps.fragi), even 12% even of concentration in the organic liquid phase can be increased. Moreover, the Alice 
ROBAKUTA group bacteria, such as Alice ROB AKUTA duet deca DISU (Ar.duodecadis), In acetic bacteria, such as 
the Bacillus bacteria, such as bacillus subtilis (Bacillus subtilis), Acetobacter aceti (Ac.aceti), and Gluconobacter 
oxydans (Gl.oxydans), even 3% even of concentration in the organic liquid phase can be increased. Furthermore, in the 
case of toxic weak n-decanol, it bears with much yeast 24% or more with many bacteria at 6% or more of 
concentration. 

[0028] On the other hand, the alcohols with which oxidation reaction is presented are water solubility, and according to 
the approach of this invention, the toxicity may be able to be eased even if strong toxicity is underwater shown to a 
microorganism. For example, although n-butanol has about 7% of solubility to water and only 0.2% of low 
concentration shows toxicity to a microorganism underwater The approach of this invention is followed in n-paraffin 
solution of this n-butanol. Bacillus (Bacillus) group bacteria and the Alice ROBAKUTA (Arthrobacter) group, 
Bacteria, such as the Corynebacterium (Corynebacterium) group and the Microbacterium (Microbacterium) group, Or 
when yeast, such as the Saccharomyces (Saccharomyces) group, is made to contact, butanol concentration can increase 
at least 3% or more. 

[0029] According to the approach of this invention described above, oxidation reaction of the 1st class and/or the 2nd 
class alcohols, such as aliphatic series, aromatic series, and alicyclic, can be performed very efficiently using the 
growth fungus body of an immobilized microorganism. When side reaction may arise in that case, the metabolic 
deficiency stock which carried out breeding amelioration so that it might be intercepted by addition of a suitable 
metabolic turnover or a conversion inhibitor or such side reaction might not arise can be used. 
[0030] According to the approach of this invention, most oxygen which oxidation reaction takes is supplied from an 
organic liquid phase side, and the alcohol acid ghost (aldehydes, ketones, and carboxylic acids) of a product is 
accumulated in the organic liquid phase. Therefore, by collecting the products accumulated in the organic liquid phase, 
and performing the approach of filling up the alcohols of a substrate, the contact frequency of an immobilized cell 
phase and a substrate can be made to increase by leaps and bounds, it becomes possible to raise a reaction rate, yield, 
and yield sharply, and continuation operation also becomes possible. 

[003 1] In this way, the fall of a production cost, energy saving of a process, laborsaving, etc. can acquire advantageous 
various advantages industrially by applying the approach of this invention to the production process of important, 
various aldehydes, ketones, and carboxylic acids on the industry in fields, such as heavy chemicals, drugs, cosmetics, 
perfume, a detergent, a surfactant, a fiber processing agent, fats and oils, a color, and a coating printing ingredient. 
[0032] 

[Example] Hereafter, although an example explains this invention still more concretely, this invention is not limited to 
these examples. In addition, the section and % are weight criteria. 

[0033] Example 1 poly peptone 1 .0%, the agar plate which consists of 0.2% of yeast extracts, 0.1% of magnesium 
sulfate, and 1 .5% of agars was prepared on the glass petri dish (surface area 38.5cm2), and 200micro of suspension 1 of 
the various microorganisms in Table 1 was ****(ed) using the KONRAJI rod. After cultivating at 30 degrees C on the 
2nd and making [ desiccation and ] a fungus body phase form, 10ml multistory [ of the n hexadecane solution of a 10% 
2-octanol ] was carried out, and stationary culture was carried out for seven days at 30 degrees C. After culture, the gas 
chromatography analyzed the solvent phase 1 of 1 micro, and generated 2-octanone concentration was measured. The 
result is shown in Table 1 . 
[0034] 
[Table 1] 
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[0035] It flowed into the glassware which can seal [ of 480ml of inner capacity ] 100ml of the same culture media as 
example 2 example 1, and the agar plate was prepared (surface area 43cm2). lOOmicro of various microorganism 
suspension 1 shown in Table 2 was ****(ed) using the KONRAJI rod to this, and it cultivated for two days at 30 
degrees C. Then, multistory [ of the 10ml of the ethyl -capry late solutions of a 10%2-octanol ] was carried out, and it 
cultivated at 30 degrees C for bottom two days of both-way shaking of 120rpm. After culture, the gas chromatography 
analyzed the culture phase I of 1 micro, and generated 2-octanone concentration was measured. The result is shown in 
Table 2. 
[0036] 
[Table 2] 
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[0037] It is Rhodococcus EKUI to the agar plate (surface area 43cm2) prepared like example 3 example 2. IFO 
lOOmicro of suspension 1 of 3730 was ****(ed), and it cultivated for two days at 30 degrees C. 10ml multistory [ of the 
n hexadecane solution of 2%2-methyl cyclohexanol ] was carried out to this, and it cultivated for four days under both- 
way shaking of lOOrmp. Gas chromatography analyzed the culture phase 1 of 1 micro after culture, and generation 2- 
methylcyclohexanone concentration was measured. Consequently, are recording of 2-methylcyclohexanone of 9.8 g/1 
was checked. 

[0038] Example 4 Gluconobacter oxydans IFO lOg of calcium alginate beads was supplied in 200ml of one-day culture 
medium of 3 1 89, it put for 5 minutes, and the microorganism fungus body was made to adhere to a bead front face. 
After pulling up a bead from culture medium after that and removing excessive moisture, it supplied to the glassware of 
500ml of normal paraffin 150ml glass inner capacity which entered, it cultivated on the 1st, and the immobilized cell 
phase was made to form in a bead front face. Subsequently, the acrylic acid which is beta-oxidation system cutoff agent 
was added 0.005%, and it cultivated under the aeration of 0.2vvm, and churning of 20rmp on the 5th so that it might 
become 10% about n-decanol. In addition, the bead was condensed firmly and distributed to a solvent phase. Gas 
chromatography analyzed the culture phase I of 1 micro after culture, and generation n-decanoic acid concentration was 
measured. Consequently, are recording of the n-decanoic acid of 9.5 g/1 was checked. 

[0039] The broken line of a HIDA chip box filter paper with example 5 surface area of 1600 degrees C (20x40cm2) is 
made into length, and it puts into a reaction vessel, and is the Candida you tee squirrel. IFO 200ml of one-day culture 
medium of 0396 was poured in, it was left for 5 minutes, and the fungus body was made to adhere to a filter paper. 
Next, except for culture medium, 20m! of culture media which do not contain a fungus body was put into the reaction 
bottom of the tank section, and 2-ethyl -1 and 3-hexandiol were added on level 10% in n-paraffin layer which is a 
solvent phase. Culture was performed for seven days under churning of 30 degree-C200rmp, and the aeration of 
0.2vvm. Gas chromatography analyzed the solvent phase I after culture of 1 micro, and the quantum of the generated 2- 
ethyl-3-hydroxy hexanoic acid was carried out. Consequently, the 2-ethyl-3-hydroxy hexanoic acid of 6.7 g/1 was being 
accumulated in the solvent phase side. 

[0040] Example of comparison 1 Rhodococcus EKUI IFO It will be poly peptone 1%, 0.2% of yeast extracts, 0.1% of 
magnesium sulfate, and Span-80 in 2ml of one-day culture medium of 3730. Inoculation was carried out to 20ml of 
culture media which consist of 0.01%, 2-octanol 82, 164,246,328mg was added after one-day culture at 30 degrees C, 
and shaking culture was carried out by 120rmp for three days. It extracted 3 times by diethylether after culture, and 
generation 2-octanone concentration was measured with the gas chromatography after desiccation and dilution. 
Consequently, only 2-octanone of 0. lg / following was accumulating all. 

[0041] Example of comparison 2 Rhodococcus EKUI IFO Inoculation of the 2ml of the one-day culture medium of 
3730 was carried out to 20m! of the same culture media as the example 1 of a comparison, and it cultivated at 30 
degrees C on the 1st. Then, 2-methyl cyclohexanol 94, 1 87,28 l,374mg was added and it cultivated for 30 degrees C, 
and bottom three days of both-way shaking of 120rmp. It extracted 3 times by diethylether after culture, and generation 
2-methylcyclohexanone concentration was measured with gas chromatography after desiccation and dilution. 
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Consequently, it was checked that only 2-methylcyclohexanone of 0. 1 g/1 is accumulating all. 
[Translation done ] 
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